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Intersubunit Salt-Bridge Formation during Gating of Rasic1a
Katrin Augustinowski, Stefan Gruender.
RWTH Aachen University, Aachen, Germany.
Acid-sensing ion channels (ASICs) are proton-gated cation channels, which are
expressed in the nervous system. They contribute to synaptic transmission,
learning and memory, nociception, and neurodegeneration associated with
brain ischemia.
Previous work has shown that the highly conserved amino acids His72, His73,
and Asp78 are important for proper gating of ASIC1a. The relatively close
position of these amino acids in the crystal structure of cASIC1 let to the hy-
pothesis that one histidine forms a salt bridge with an aspartate of an adjacent
subunit.
In this study, we used double-mutant cycle analysis to explore whether the for-
mation of this salt bridge is energetically favorable in a particular state during
gating (open, closed, desensitized) of rat ASIC1a. We substituted H72, H73,
and D78 individually and in combination by alanine and determined the
time-constants for activation and deactivation of these mutants, using
outside-out patches and a piezo-driven application system, which assures a
solution exchange under 2 ms. Moreover, we determined the pH values for
half-maximal activation and the time-constants for desensitization and recov-
ery of the channel, using two-electrode voltage clamp (TEVC). So far our re-
sults indicate that D78 can form salt bridges with each histidine in particular
states during gating.
To corroborate these findings, we currently investigate the accessibility of
substituted Cys residues at positions 72, 73 and 78 to methanethiosulfonate
(MTS) reagents. Accessibility is compared in the closed and the desensitized
state to find additional evidence for movement of these residues during gating.
This study will provide information on the role of these three highly conserved
amino acids in gating of ASIC1a.
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Acid-sensing ion channels (ASICs) are trimeric proton-gated cation-selective
channels expressed in the nervous system. Each monomer consists of two trans-
membrane helices, short cytoplasmic tails and a large extracellular region orga-
nized in distinct domains named the thumb, finger, knuckle, b-ball, and palm.
Despite the structural information available for ASIC1, there is limited under-
standing of the molecular mechanism that allows these channels to sense and
respond to drops in extracellular pH. Here, we employed the substituted
cysteine accessibility method (SCAM) and site-directed mutagenesis to iden-
tify molecular determinants for proton activation in the extracellular region
of mouse ASIC1a. We mutated individually residues in the acidic pocket of
ASIC1a to Cys and proved its reactivity toward MTSET. We found that the
modification of Cys residues at positions 238 and 345 by MTSET reduced
apparent proton affinity for activation. Glu238 and Asp345 reside in the finger
and thumb domains, respectively. In the desensitized conformation these resi-
dues are positioned in closed proximity to each other. Surprisingly, D345K and
D345R mutants, as well as D345C channels treated with MTSEA, displayed
biphasic dose-response activation curves. In contrast, E238K and D345N chan-
nels showed monophasic dose-response curves with apparent proton affinities
for activation similar to those from the controls. Together, these results suggest
that finger-thumb interactions indirectly affect the function of a proton-binding
site. To examine conformational movements in the thumb domain associated
with activation, we mutated the residues in the alpha-helix 5 to Cys and
assessed their reactivity toward MTSET. The modification by MTSET of
A344C, L348C, L351C and V352C channels reduced the response to extracel-
lular acidification. These residues are located on the same side of the alpha-
helix 5 facing the finger domain. In conclusion, our results indicate that
extracellular acidification drives conformation movements in the finger and
thumb domains of ASIC1a.
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Acid-sensing ion channels (ASICs) are trimeric, sodium-selective channels
that sense changes in extracellular acidity and are part of the epithelium so-
dium channel/degenerin (ENaC/DEG) family of ion channels. ASICs are sen-
sitive to an increasing number of nonproton ligands that include natural venompeptides and guanidine compounds, such as amiloride and 2-guanidine-4-
methylquinazoline (GMQ). The nonproton ligand GMQ has been shown to
stimulate ASIC3 by expanding the pH range of the ASIC window current,
but decreased the sensitivity of other ASIC subtypes to protons. The effect
of GMQ on chicken ASIC1 (cASIC1), which has been used to elucidate the
protein crystal structures, is unknown. Furthermore, cASIC1 exhibits unique
channel gating properties, including the spider toxin ASIC1a Psalmotoxin-1
(PcTx1) induced activation. We sought to elucidate the interaction of GMQ,
PcTx1, and cASIC1 using whole-cell and outside-out patch clamp electrophys-
iology to provide additional insight into the nonproton ligand interaction with
a structurally characterized ASIC construct. Our studies revealed GMQ in-
creases the cASIC1 proton sensitivity, as observed by a leftward shift in the
proton activation curve. When alone, the nonproton ligand failed to activate
cASIC1. Additionally, we observed GMQ concentration-dependent enhance-
ment of the cASIC1 PcTx1 persistent current. Our data suggests that GMQ
may have multiple sites of action on cASIC1 and may act as a "molecular
wedge" that forces the desensitized ASIC into an open state. We anticipate
that the revelation of GMQ stimulation in the cASIC1 subtype will warrant
further investigations into nonproton ligand sensitivity in other ASIC subtypes
and provide the foundation for the design of novel ligands that exploit the non-
proton ligand site to influence ASIC activity.
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P2X2 is an extracellular ATP activated trimeric ion channel. We previously
showed that it shows voltage dependent gating in spite of the fact that it does
not have a canonical voltage sensor domain. In this study we aimed at clarifying
the transmission path of activation signal generated by extracellular ATP and
hyperpolarization in the P2X2 trimer, from the aspect of subunit stoichiometry.
Detailed analyses of voltage- and [ATP]-dependent gating in the tandem
trimeric constructs (TTC) harboring critical mutations at the ATP binding
site (K308A), the linker region (D315A) and the pore domain (T339S), re-
vealed that; (1) Voltage- and [ATP]-dependent gating of P2X2 can be observed
with more than one ATP molecules bound but not one. (2) D315A mutation in
the linker region on b-14 in between the ATP binding site and the pore domain
results in two different gating modes and at least two subunits with D315A are
required to produce this effect. (3) T339S mutation which induces constitutive
activity at all membrane potentials, shows gradual changes from WT with
increasing in the number of T339S in the TTC, suggesting independent contri-
bution of three subunits at the pore level. (4) In the TTCs, voltage- and [ATP]-
dependent gating differs depending on the relative location of one D315A with
respect to one K308A but it is similar for one T339S relative to one K308A (or
D315A). Our findings suggest that each intersubunit ATP binding signal is
directly transmitted on the corresponding b-14 strand down to the level of
D315 and then it spreads to all three subunits equally at the pore level.
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The identity and forms of activating ligands for ion channels are fundamental to
their physiological roles in rapid electrical signaling. P2X receptor channels are
ATP-activated cation channels that serve important roles in sensory signaling
and inflammation, yet the active forms of the nucleotide are unknown. In phys-
iological solutions, ATP is ionized and primarily found in complex with Mg2þ.
In this study we investigated the active forms of ATP and find that the action of
MgATP2- and ATP4- differ between subtypes of P2X receptors. The slowly
desensitizing P2X2 receptor can be activated by free ATP, but MgATP2- pro-
motes opening with very low efficacy. In contrast, both free ATP andMgATP2-
robustly open the rapidly desensitizing P2X3 subtype. A further distinction
between these two subtypes is the ability of Mg2þ to regulate P2X3 through
a distinct allosteric mechanism. Importantly, heteromeric P2X2/3 channels pre-
sent in sensory neurons exhibit a hybrid phenotype, characterized by robust
activation by MgATP2- and weak regulation by Mg2þ. These results reveal
the existence of two classes of homomeric P2X receptors with differential
sensitivity to MgATP2- and regulation by Mg2þ, and demonstrate that both re-
straining mechanisms can be disengaged in heteromeric P2X2/3 receptor chan-
nels. We are currently investigating if our findings with P2X2/3 receptor
channels can be generalized to other subtypes of homomeric and heteromeric
P2X receptors.
